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This invention pertains to the art of concrete structures 
and more particularly to concrete structures having metal 
lic reinforcing or tensioning members embedded therein. 
The invention is particularly applicable to sub-earth 

Surface concrete structures of the type which are formed 
in situ, that is, where the concrete is placed in the earth 
in a plastic state and there allowed to harden, and will 
be described with particular reference thereto, although 
it will be appreciated that the invention has broader ap 
plications. 
A number of different methods are known for form 

ing sub-earth-surface concrete structures in situ, namely: 
by excavating either with or without a form and pouring 
concrete into the excavated space; by rotating an auger 
into the earth to the desired depth and thereafter with 
drawing the auger without rotation while simultaneously 
pumping a concrete under pressure into the space formed 
by the withdrawal of the auger as is taught in U.S. Patent 
No. 2,729,067, issued January 3, 1956, and assigned to 
the assignee of this application; or by rotating a tool 
having sidewardly projecting mixing arms into the earth 
while simultaneously forcing a concrete under pressure 
into the earth in advance of the rotating tool whereby 
to mix the concrete and the earth into a homogeneous 
mixture as is taught in U.S. Patent No. 2,782,605, issued 
Feb. 26, 1957, also assigned to the assignee of this ap 
plication. 

All of such concrete structures, when the concrete hard 
ens, have excellent downward or load bearing character 
istics because such forces place the concrete under com 
pression where, as is known, it has its maximum strength. 

Difficulty has been experienced in the past, however, 
with such concrete structures when called upon to resist 
uplift forces or bending forces. Such forces result in 
small cracks developing in the concrete thus permitting 
the entrance of ground water and the resultant corrosion 
of the metal tie rods or reinforcing bars. 

Uplift forces are normally transferred to the structure 
by means of a metallic tie-rod embedded either in the 
upper end of or throughout the entire vertical height of 
the structure. The structure then transfers the uplift 
forces to the surrounding soil supposedly in a uniformly 
distributed manner. However, it has been found that 
because of the greater rigidity of the concrete relative to 
the metal tie-rod, these uplift forces are transferred to 
the concrete structure at or immediately adjacent to the 
upper point of fastening of the tie-rod thereto. The con 
crete, which is weak in tension, tends to develop small 
cracks progressively downward under high uplift forces 
to relieve the tension and the tie-rod progressively trans 
fers the uplift forces to the concrete at lower and lower 
points in the structure. However, the small cracks which 
develop permit the entrance of ground water and the ex 
posure of the tie-rod to corrosion. As the tie-rod is 
the only effective material in the pile resisting the uplift 
forces, this attack can be of a very serious nature. 
A further cause of these tensions is the location of the 

principal points of resistance of the soil to these uplift 
forces. Thus the uplift forces create shearing forces in 
the surrounding soil. The resistance of the soil to the 
shearing forces depends on the friction between the ad 
jacent soil particles, which friction increases with depth 
in the soil because of the increased pressure between the 
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particles. The soil has a maximum resistance to the up 
lift forces at the lower end of the structure. 
When an ordinary reinforced concrete structure is ini 

tially pulled upwardly, it stretches, and in doing so trans 
fers the forces to and shears the soil at the upper end 
where the soil is weakest. As the pull increases, the 
Stretching continues and the transfer occurs progressively 
deeper into the soil. However, eventually the soil in the 
upper layers fails due to movement of the upper end of 
the structure beyond the ability of the soil to resist. Also, 
where the soil has not sheared, part of the weight on the 
soil below has been lessened causing lower frictional re 
sistance between the particles, and thus a lesser resistance 
to shearing forces at or adjacent to the lower end of the 
structure. In any event, the tendency is for the entire 
structure to be in tension with the principal transfer of 
forces to the soil ultimately being at or adjacent the 
lower end. 
The present invention contemplates an arrangement 

which overcomes all of the above-referred to difficulties, 
and provides for applying the uplift forces to the con 
crete structure at or adjacent to its lower end only, means 
being provided for insuring that the tie-rod may stretch 
and move longitudinally more or less freely relative to the 
structure above the point of fastening. 
Where the concrete structures are called upon to resist 

lateral or bending forces, the side of the structure is placed 
in tension. To resist such tension forces, it has been con 
ventional in the past to embed metallic reinforcing mem 
bers within the structure while the concrete is still plastic. 
This tension member is provided with means for rigidly 
fastening itself or preventing longitudinal movement 
thereof relative to the concrete after the concrete hardens. 
With such an arrangement, because the tension member 
has a greater elasticity than the concrete, it does not be 
gin to accept its portion of the load forces until usually 
the concrete has been stressed beyond its breaking point. 
Again small tension cracks develop in the heavily loaded 
areas of the concrete making the tension member acces 
sible to attack by corrosive elements. 
The present invention contemplates a concrete struc 

ture which can be formed in situ, which avoids all of the 
above referred to difficulties, and others, which has a 
maximum strength for a given amount of material against 
forces in all directions and which can be quickly, easily, 
and economically put into place. 

In accordance with the broadest aspect of the inven 
tion, a vertically elongated plastic concrete structure is 
formed having a metallic tie-rod extending longitudinally 
therethrough, such tie-rod having anchor means at its 
lower end for rigidly fastening it to the concrete and 
means above the lower end for permitting free longitudi 
na novement of the rod relative to the concrete struc 
ture after the concrete has hardened. With such an ar 
rangement, all of the uplift forces are transmitted to the 
concrete structure at the lower end thereof and portions 
above the point of force transmittal are placed under 
compression rather than tension as heretofore. Further 
more, the forces are transmitted to the concrete struc 
ture at points below the earth surface where the soil is 
more compact and has a greater shear resistance and a 
much greater ability to resist the uplift forces. 

Further, in accordance with the invention, after the 
concrete has hardened, the tie-rod is placed under tension 
by exerting an uplift force on the upper end thereof, and 
such upper end is then rigidly fastened to the upper end 
of the concrete structure. The tie-rod is under tension 
and the concrete structure is under a permanent state of 
compression. Thus, bending forces on the concrete 
structure must first neutralize the compression forces in 
the concrete before tension forces are developed, thus 
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giving to the concrete structure a substantially increased 
resistance against lateral bending forces. 

Further in accordance with the invention, the tie-rod 
may be located closer to the side of the concrete structure 
on which the bending tension forces will exist whereby to 
place this side of the structure under a greater state of 
compression than the opposite side. Thus an initial 
camber may in some instances be introduced into the 
concrete structure in a direction towards the bending 
forces. 
The principal object of the invention is the provision of 

a new and improved method of placing sub-earth-surface 
concrete structure which will have a maximulin resistance 
against uplift or lateral forces. 
Another object of the invention is the provision of a 

new and improved method for forming sub-earth-surface 
concrete structures in situ having tension members ex 
tending therethrough which enables the structure when 
concrete structure which will have a maximum resistance 
against uplift or lateral forces. 
Another object of the invention is the provision of a 

new and improved method of placing sub-earth-surface 
concrete structures formed in situ under compression or 
for transmitting uplift forces to the lower end thereof. 
The invention may take physical form in certain parts 

and arrangements of parts and certain steps and combina 
tions of steps, preferred embodiments of which will be 
described in detail in this specification and illustrated in 
the accompanying drawing which is a part hereof and 
wherein, 
FIGURE 1 is a cross-sectional view of the earth's sur 

face showing a concrete structure formed in situ and illus 
trating a preferred embodiment of the invention for trans 
mitting uplift forces to the lower end of the structure; 
FIGURE 1-a is a cross-sectional view of FIGURE 1 

taken from the line 1-a-1-a thereof: 
FIGURE 2 is a view somewhat similar to FIGURE 

illustrating an alternative embodiment of the invention 
wherein the tension member is placed under a permanent 
state of tension; 
FIGURE 3 is a still further alternative embodiment of 

the invention showing an alternative way of placing the 
concrete structure; and, 
FIGURE 4 is a partial cross-sectional view ilustrating 

a further modification of the present invention. 
Referring now to the drawings wherein the showings 

are for the purpose of illustrating preferred embodi 
ments of the invention only, and not for the purpose of 
limiting same, FIGURE 1 shows a cross section of the 
earth-Surface 9 having extending vertically downwardly 
therein a concrete structure 10 formed in situ which in 
turn has a tie-rod 11 extending from a point adjacent the 
lower end to a point above the upper end of the structure 
10. In accordance with one aspect of the invention, the 
Concrete Structure 10 is formed by a method shown in 
United States Patent No. 2,729,607 wherein an auger-type 
drill is sunk into the earth to define the location and depth 
of a cavity for the structure without removing the earth 
therefron, and then a fluid hydraulic cement grouIt is 
forced into the cavity under sufficient force to fill the 
cavity as the auger is removed. 
The earth's surface 9 may be of any known characteris 

tic including Sand, clay, rock, or a mixture of one or all 
three, the only requirement being that it be of a nature 
Such that the concrete structure may be formed in situ 
by any known method. 
The concrete structure 10 may have any desired verti 

cal height, any desired horizontal width, thickness or 
cross-sectional shape and may be formed in any manner 
Such that the concrete when placed in the soil 9 is in a 
plastic state and is allowed to harden in the soil. 

In this respect, concrete as used throughout the speci 
fication and claims, is made up of a mixture of a liquid 
Vehicle, a cementitious material and usually, but not nec 
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4. 
essarily, one or more granular materials. The granular 
materials may include without limitation, Soil, sand, fly 
ash or gravel, rock or aggregate of any desired size. The 
cementitious material may be any of the known cementi 
tious materials such as without limitation, Portland ce 
ment or the like which when mixed with or suspended in 
the liquid vehicle and upon being allowed to stand or cool, 
or both, will harden and bind the granular material, if 
any, into a solid rigid body. The liquid vehicle may be 
of a type Such that when mixed with the cementitious 
material employed will either evaporate or combine with 
the cementitious material to leave the cementitious Ina 
terial in a hardened state which will bind the granular 
material into a solid rigid body. 
The concrete unles otherwise stated, may be either in 

the plastic or hardened state, it being understood that 
plastic concrete when allowed to stand for periods of time 
which may be referred to as the “hardening time' will 
change to the hardened state. 
The term “vertical' as used throughout the specification 

and claims is used in the broader sense of being in any 
direction leading below the earth's surface as fitting with 
in the Sense of the particular requirements of the concrete 
structure being installed. 
By the term “in situ” is meant the forming of the con 

Crete Structure from a plastic concrete present in the 
ultimate position of use of the structure, the concrete be 
ing allowed to harden prior to the placing of loads there 
C 

The concrete structure 10 is in accordance with the 
invention, formed in situ in any known or desired man 
ner. Preferably, however, the concrete while in the plas 
tic State is placed under hydraulic pressure so that a plu 
rality of tiny fingers or protrusions 12 extend laterally 
into the Soil 9 beyond the actual limits of the structure 10 
itself. Preferably the structure 10 is formed as is taught 
in U.S. Patent No. 2,729,067 issued Jan. 3, 1956, or U.S. 
Patent No. 2,782,605 issued Feb. 26, 1957, and both 
assigned to the assignee of this application. In the first 
of these patents an auger having a hollow shaft is screwed 
into the soil to the depth desired by the ultimate struc 
ture. The auger is then gradually withdrawn without 
rotating while simultaneously concrete is pumped under 
pressure through the hollow shaft to the lower end of the 
auger, the concrete under pressure forcing itself laterally 
into the Soil 9 to form the fingers 12. In such case the 
Concrete as desired is mixed above the surface of the earth 
and is pumped through the shaft. 

In the Second mentioned patent, a hollow shaft having 
sidewardly projecting mixing arms is rotated vertically 
into the earth while simultaneously forcing concrete under 
pressure into the earth in advance of the mixing arms. 
Normally the concrete contains larger amounts of liquid 
Vehicles than is normal and the arms, as the tool is ad 
Vanced into the earth, mix the soil with the concrete. The 
tool is advanced to the desired depth of the concrete 
structure and is then withdrawn while continuing the 
rotation. The result is a thoroughly mixed sub-surface 
Structure comprised of a mixture of concrete and the soil 
9. In this instance it will be noted that the granular ma 
terial or at least some of it, is actually the soil. The con 
Crete, however, which is forced through the hollow shaft 
under pressure, forces itself laterally into crevices in the 
Soil 9 to form the fingers 2. 

In a still further alternative arrangement for forming 
the concrete structure 10 in situ, a cavity may be formed 
under the earth's surface to the desired depth either with 
or without the use of form members to prevent the sides 
of the cavity from collapsing. Assuming that forms are 
employed, concrete is poured into the cavity, the forms 
are partially withdrawn and known methods of ramming 
the upper Surface of the concrete are employed for the 
purpose of creating hydraulic pressures thereon which 
will force the concrete into the crevices of the soil 9 for 

75 the purposes of forming the fingers 12. 
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In any event, it will be seen that a concrete structure is 
formed below the surface of the earth which because of 
the laterally protruding fingers 12 will have a maximum 
area of contact with the soil 9 in order that a maximum 
resistance of vertical movement either upwardly or down 
wardly of the concrete structure 10 can be developed for 
a given vertical dimension and for a given characteristic 
of soil 9. 

Also, it should be understood that the concrete struc 
ture or column 10 may extend to any desired height above 
the upper surface of the soil 9. The above-ground portion 
of the concrete column 10 may be formed by any suitable 
method. The rod member 11 is anchored at its lower end 
in the concrete column 10 as in the previously described 
embodiments. Above its lower end the rod member is is 
freely movable longitudinally with respect to the concrete 
column 10. The upper end of the rod member 11 is sub 
jected to tension forces. Preferably, the rod member 1 
is placed under tension after the concrete column 10 has 
hardened and the upper end of the rod member 1 is 
rigidly fastened, such as to the upper end of the concrete 
column 10 or to a structure which the concrete column 
10 supports above ground, such as a bridge beam. Due 
to such post-tensioning of the rod member 1, the con 
crete column 10 is thereby placed under compression. 

This enables the column to withstand greater lateral or 
bending stresses because such initial compression of the 
concrete column, due to the tension on the rod member 
11, must first be overcome before any portion of the 
column can go into tension. This makes the present in 
vention particularly advantageous for bridge columns 
which are subjected to such shear and bending forces. 

In FIGURE 1, immediately following the formation of 
the plastic concrete structure 10, the tension rod is in 
serted therein in accordance with the invention. 

In FIGURE 1, the tie rod 11 has anchor means at the 
lower end which in the preferred embodiment consist of 
a cone-nut 20 rigidly fastened as by welding to the lower 
end of the member 11. A plurality of circumferentially 
spaced anchor rods 21 extend outwardly and upwardly 
from the cone 20, the maximum radial spacing of the 
upper ends 22 of the arms being generally just less than 
the maximum diameter or thickness of the concrete struc 
ture 10. With this arrangement when the concrete is in 
a plastic state, the tie rod 11 with the anchor means at the 
lower end can be forced longitudinally through the struc 
ture 10 so that the anchoring means are located adjacent 
the lower end of the structure 0 and by virtue of the 
radial spacing of the ends 22 the lower end of the mem 
ber 1 will be generally equally spaced from the sides of 
the structure 10. After the concrete hardens, the anchor 
means will be rigidly fastened to the structure 0. 

Further in accordance with the invention, means are 
provided whereby the tension member 1 above the an 
chor means may move longitudinally relative to the struc 
ture 10. While such result may be accomplished in a 
number of different ways, in the preferred embodiment of 
the invention, an elongated sleeve 25 is placed coaxially 
about the tension member 11 to form a space 26 there 
between sealed at the lower end against the ingress of con 
crete by a sealing means 27 and having a length such that 
when the tension member 11 is placed in position as 
shown, the sleeve will extend preferably above the upper 
surface 28 of the concrete structure 10. In this way it 
will be appreciated that the surfaces of the tension mem 
ber 11 above the sealing means 27 are free from any 
fastening to the concrete structure 0 and thus tension 
forces on the tension member 11 result in an elongation 
thereof unimpeded by the more rigid and nonelastic ad 
jacent concrete structure. All of the tension forces on 
the tension member 11 are transmitted to the lower end 
of the concrete structure 0. 
The sleeve 25 may be of any desired material which 

will prevent the concrete from coming into physical and 
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6 
ber 11 above the anchor means shown. The sleeve 25 
may thus be of steel, paper, or in some cases, may even 
consist of a thin piastic layer of material Such as grease 
or bituminous preparations which will prevent the ad 
herence of the concrete to the rod 11. 

In the event that a steel or paper sleeve is employed 
where an actual physical space 26 does exist, a plastic 
compound may be poured into the space subsequent to 
the final installation to prevent the entrance of moisture 
thereinto. 
Thus in the embodiment shown the concrete structure 
0 is formed either by casting in place as is described in 

Patent No. 2,729,067 or mixed in place as is described 
in Patent No. 2,782,605. After the withdrawal of the 
tool in either case, the tension member 11 with its outer 
surrounding sleeve 25 and its anchor means at the lower 
end are then forced longitudinally through the still plastic 
concrete and the concrete is then allowed to harden. 

Thereafter uplift forces on the member 11 are trans 
mitted directly to the bottom of the structure 10 and 
the concrete in response to such uplift forces is placed 
under compression throughout its entire length. 

It will be appreciated that if desired the member 11 may 
be offset from the midcenter of the concrete structure 10, 
such arrangement being accomplished generally by vary 
ing the radial spacing of the ends 22 of the arms 2 from 
the centerline of the rod 1. Furthermore if desired, 
the axis of the rod 11 may extend at an angle relative 
to the longitudinal axis of the structure 10. 

It will futher be appreciated that one or a plurality of 
rods it may be disposed within the concrete structure 10 
particularly if the concrete structure 10 has either a very 
substantial diameter or if it has a very substantial thick 
ness in one horizontal direction, thus in effect forming 
a wall beneath the surface. 

It will also be appreciated that a plurality of cylindrical 
concrete structures 20 can be provided either tangentially 
touching one relative to the other or overlapping each 
other to provide a continuous wall of tangent cylindrical 
concrete structures. 
FIGURE 2 shows an alternative embodiment of the 

invention particularly adapted to where the concrete 
structure must resist unidirectional horizontal forces such 
as where the earth 9 is removed from one side after the 
concrete structure is placed in position. In the embodi 
ment shown in FIGURE 2 where like characters are em 
ployed to indicate like members corresponding to those 
of FIGURE 1 and similar characters are indicated with 
the same number with a prime mark added, the soil 9' 
is shown as flush with the upper surface 28 of the concrete 
structure 8 on the left hand side while the opposite or 
right hand side either has all or some of the soil ex 
cavated or removed at least partially below the upper sur 
face 28. The result is that the concrete structure () is 
subjected to substantial horizontal forces 30 toward the 
right which forces will, as is conventional, tend to exert 
a bending action on the concrete structure 10 and place 
the left hand surface thereof in tension. 

in accordance with the invention, however, the tie 
rod after being placed as described with reference to 
the embodirnent of FIGURE 1 and after the concrete has 
had a chance to fully harden, is placed under tension by 
any suitable means such as a jack, not shown, resting on 
the upper surface 28 and secured to the projecting end 
32 which jack when extended, places the rod member 11 
under tension, such tension being resisted by placing the 
concrete structure 10 into a state of compression. There 
after the upper end of the rod member 1 is rigidly 
secured or fastened at least to the upper end of the con 
crete structure it. Such securing may be done in a 
number of different ways, but in the preferred embodi 
ment an end anchor plate 35 is positioned to bear against 
the upper surface 28 of the concrete structure 10 and is 
secured to the rod member 11 by means of a wedge 36. 
Such a fastening means may be employed alone; however, 
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in accordance with the preferred embodiment, concrete 
37 is pumped into the space 26 which concrete, when it 
hardens, acts as a bond between the rod 1 and the sleeve 
25, which sleeve in turn is secured to the concrete struc 
ture 10. If desired, the anchor 35 may then be removed 
or left in place. 

Depending upon the amount of tensioning of the rod 
member 11, the concrete structure will be placed in a 
corresponding amount of compression. Thus initial 
forces 30 on the concrete structure 10 will have to 
neutralize the compression forces in the concrete before 
the concrete goes into tension. It will thus be appreciated 
that substantially greater forces can be withstood by the 
structure 10 than without the post-tensioning operation. 

Obviously and desirably, with such a post-tensioning, 
the rod member 11 will be located toward the side of 
the structure which will normally go into tension when 
resisting the horizontal forces. With such an arrange 
ment when the rod member 1 is pulled into tension, the 
concrete structure 10 will develop a slight camber or 
curve toward the direction of the force which must be 
resisted. It will thus be seen that the camber of the 
structure must be completely neutralized before the 
concrete will go into the undesirable tension state. Also 
a very substantial portion of the stresses will be taken up 
by the rod member 11. Thus in FIGURE 2 the arms 21 
on the left diverge less than the arms 21 on the right to 
give such a spacing. 

It will be appreciated that the arrangement shown may 
be used to resist not only horizontal forces as above 
described, but also, and simultaneously, load bearing 
forces as well as uplift forces, particularly if the concrete 
37 is not employed for the purpose of filling the space 
26. Thus uplift forces would result in an increased ten 
sioning on the member 11, all of which would be trans 
mitted to the lower end of the structure 10, resulting in 
the structure 10 being placed in a further state of com 
pression. Load bearing would be transmitted directly 
to the upper surface 28 without releasing the tension in 
the member 1. 

It will be appreciated that in all instances the concrete 
structure 10 has been shown as extending to the upper 
surface of the soil 9. Obviously this is not necessary and 
the upper surface 28 may terminate at any point below 
the upper surface of the soil 9. Furthermore, the con 
crete structure 10 need not be continuous under the 
surface of the soil. 
FIGURE 3 shows the invention as applied to a more 

conventional way of forming sub-surface concrete struc 
tures than that above described. Thus with the enmbodi- 5 
ment of FIGURE 3, a cavity 40 is formed in the soil 
defined by a casing 41. A rod member 1 having an 
anchor plate 42 welded to the lower end thereof and a 
protecting coaxial sleeve 25 sealed at its lower end to the 
rod 11 by means of packing 27, is positioned within the 
cavity 40 with the anchor plate 42 preferably spaced 
slightly from the lower end of the cavity 40. Concrete 
45 is then poured into the lower end of the cavity 40 
to a desired depth. The casing 4 is then removed to 
a point adjacent the upper end of the concrete 45. There 
after heavy weights 46 suspended by cables 47 are 
dropped into the cavity 40 in such a manner as to strike 
the upper surface of the concrete 45 while it is still in 
a plastic state. The weights are then lifted by the cables 
47 and again dropped. This operation continues repeti 
tively in order to drive the concrete 45 radially outwardly 
into the cracks and fissures of the soil to form the fingers 
12 as above described. Thereafter the weights 46 are 
removed, more concrete is poured into the opening, the 
casing 41 further removed and the operation continued 
until the entire concrete structure is completed. 
The concrete is then allowed to harden and the rod 

member 11 is placed under tension as described with 
reference to the embodiment of FIGURE 1. 
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vided with a lower spiralled blade 50 so that the member 
11 may be easily inserted into the structure 10 by rotat 
ing the member. Consequently less force is required than 
is required when the member must be forced downwardly 
into the unsolidified concrete of structure 10. 

It will be appreciated that any of the processes for 
forming the concrete structures may be so modified 
as to form a continuous wall below the surface of the 
earth 9. 
The invention has been described with reference to 

preferred embodiments only. Obviously modifications 
and alterations will occur to others upon a reading and 
understanding of this specification and it is my intention 
to include ail such modifications and alterations insofar 
as they come within the scope of the appended claims. 

Having thus described my invention, I claim: 
1. A method of forming a one-piece concrete pile 

formed in situ extending below the earth’s Surface and 
adapted to withstand uplift forces, comprising the steps 
of forming a substantially vertical hole in the earth's sur 
face with an upper opening, inserting a reinforcing rod 
with a body portion and a lower anchor means into said 
hole with said anchor means near the bottom of said hole, 
Said rod having a protective sleeve extending from a po 
sition near said anchor to a position above the upper open 
ing of said hole for preventing said concrete mixture from 
contacting said body portion of said reinforcing rod along 
a substantial portion of the length thereof, filling said 
hole with a plastic, hardenable concrete mixture, causing 
a hydraulic pressure on said mixture to force said mix 
ture outwardly into said earth, allowing said concrete 
mixture to harden to form a concrete pile having an 
upper and a lower portion, supporting a rod receiving 
member near the upper portion of said concrete pile, plac 
ing Said reinforcing rod under tension between said rod 
receiving member and said lower anchor means, and se 
curing Said rod in a tensioned condition so the complete 
length of Said concrete pile between said upper and lower 
portions is compressed. 

2. A method of forming in situ a one-piece concrete 
pile extending below the earth's surface and adapted to 
Withstand uplift forces, comprising the steps of forming 
a Substantially vertical hole in the earth's surface, filling 
Said hole with a plastic, hardenable concrete mixture, pro 
viding a reinforcing rod having a body portion and a 
lower anchor, securing a protective sleeve around said 
body portion and extending from a position near said 
lower anchor to a point Substantially above said anchor, 
fluid Sealing said sleeve from said position to said point, 
inserting Said reinforcing rod and sleeve into said con 
Crete inixture before said concrete mixture hardens with 
Said anchor near the bottom of said hole and said point 
above the top of the concrete mixture whereby said sealed 
sleeve prevents the concrete mixture from contacting said 
rod from Said position to said point, allowing said con 
Crete to harden to form a concrete pile having an upper 
and a lower portion, Supporting a rod receiving member 
near the upper portion of said concrete pile, placing said 
reinforcing rod under tension between said rod receiving 
member and said lower portion of said concrete pile, 
and Securing said rod in its tensioned condition so the 
complete length of Said concrete pile between said upper 
and lower portion is compressed. 

3. A method of forming a one-piece concrete pile 
formed in situ extending below the earth’s surface and 
adapted to withstand uplift forces, comprising the steps 
of rotating an auger drill into the earth to the desired 
depth of said pile to form a cavity, forcing a fluid ?? 
draulic cement grout into said cavity, below said drill and 
at a sufficient pressure to fill said cavity as said drill is 
removed, removing said drill, before said grout hardens, 
inserting a reinforcing rod with a body portion and a 
lower anchor means into said cavity with said anchor 
means near the bottom of said cavity, preventing said 

Referring now to FIGURE 4, the member 11 is pro- 75 grout from contacting said body portion of said reinforc 
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ing rod along a substantial portion of the length of said 
concrete pile whereby the rod is spaced from said grout 
from a position adjacent said anchor means to the top 
of said pile, allowing said cement grout to harden to 
form a concrete pile having an upper and a lower por 
tion, Supporting a rod receiving member near the upper 
portion of said concrete pile, placing said reinforcing rod 
under tension between said rod receiving member and 
Said lower anchor means, and securing said rod in a ten 
sion condition so the complete length of said concrete 
pile between said upper and lower portions is compressed. 

4. A method of forming a one-piece concrete pile 
formed in situ extending below the earth’s surface and 
adapted to withstand uplift forces, comprising the steps 
of rotating an auger drill into the earth to the desired 
depth of said pile to form a cavity, forcing a fluid hy 
draulic cement grout into said cavity, below said drill and 
at a sufficient pressure to fill said cavity as said drill is 
removed, removing said drill, before said grout hardens, 
rotating a reinforcing rod with a body portion and a lower 
spiral blade into said cavity with said spiral blade pulling 
said rod into said grout until said blade is near the bot 
tom of said cavity, preventing said grout from contacting 
Said body portion of said reinforcing rod along a substan 
tial portion of the length of said concrete pile whereby 
the rod is Spaced from said grout from a position adja 
cent said spiral blade to the top of said pile, allowing 
said cement grout to harden to form a concrete pile 
having an upper and a lower portion, supporting a rod 
receiving member near the upper portion of said con 
Crete pile, placing said reinforcing rod under tension be 
tween said rod receiving member and said lower spiral 
blade, and securing said rod in a tension condition so 
the complete length of said concrete pile between said 
upper and lower portions is compressed. 

5. A method of forming a one-piece concrete pile 
formed in situ extending below the earth’s surface and 
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adapted to withstand uplift forces, comprising the steps 
of rotating an auger drill into the earth to the desired 
depth of said pile to form a cavity, forcing a fluid hy 
draulic cement grout into said cavity, below said drill 
and at a sufficient pressure to fill said cavity as said drill 
is removed, removing said drill, providing a reinforcing 
rod with a lower anchor means, a body portion having 
a shielding structure over a substantial length thereof and 
extending from a position adjacent said anchor means to 
a position at the top of said rod, before said grout hardens, 
inserting said reinforcing rod into said cavity with said 
anchor means near the bottom of said cavity whereby the 
reinforcing rod is spaced from said grout by said shield 
ing structure from a position adjacent said anchor means 
to the top of Said pile, allowing said cement grout to 
harden to form a concrete pile having an upper and a 
lower portion, supporting a rod receiving member near 
the upper portion of said concrete pile, placing said rein 
forcing rod under tension between said rod receiving 
member and Said lower anchor means, and securing said 
rod in a tension condition so the complete length of said 
concrete pile between said upper and lower portions is 
compressed. 
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